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Eilgnt clones” of” smooth* bromegrass (Bromus inermis 


Leyss.) were selected from diverse sources and crossed in 
all possible combinations forming an 8x8 ‘diallel. Plants of 
the Lig ; the reciprocal crosses, and parents were grown in 
the field at Edmonton, Alberta. Observations were recorded 
Porerhne sward characters height, visor, spread, and yield at 
two. harvests. Ti tlers, “were (classified according to type, 
being nonelongated, elongated, and headed. Observations were 
made four times during the growing season on tiller density, 
individual tiller weight, weight and area of leaves, stems, 
and heads per tiller, leaf number per tiller, stem length, 


teat Fo stem ration sand standard leaf weight. 


Results” “showed “~Unat. - individual’  trtler®-weight was 
positively” related to” lear areavand standard leaf wetgeht 
Within™the tiller type. Nonelongated tiller number was 
positively related to number of leaves per nonelongated 
tiller, while elongated and headed tiller number’ increased 
with increasing stem length. High standard leaf weight, leaf 
to -stem ratio, and leaf weight was negatively associated 
with the number of elongated and headed tillers. There were 


negative associations between the three tiller types. 


Different tiller characters influenced yield of each of 


the two harvests. Characteristics of stems contribute more 
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to yield than leaves. Standard leaf weight was frequently 
negatively related to yield. Vigorous growth early in the 
season had a prominent effect on yield of the first harvest 
and ‘Was PpoOSitively associated with the second ‘harvest. 
Height at the time of each harvest was highly predictive of 
Vuelo r ob une respective Narvests., [ne taller plants yielded 


best. 


General combining ability was significant for most of 
the characters observed. Fewer specific combining abilities 
were significant. Broad and narrow sense heritabilities were 
Sstimared. It was possible to identify sward “and “tiller 
Cnaraccers whien could be used in a selection index to 
develop the crop ideotype. On the basis of general combining 
ability effects the best yielding parent was a disease 
susceptible clone, and one of the poorest was disease 


resistant. 
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TP ENTRODUCTION 


Smooth bromegrass, (Bromus inermis Leyss.) is widely 
grown in western Canada and Ontario as a hav crop with two 
harvests) annually. The, “‘erass: aS winter hardy and drought 
cOMeorant. "it, 18 ome of, the ..most palatable - grasses, grows 
well during midsummer when growth of most other grasses 
Slows, and remagms. =sreen longer than timothy (Phleum 
pratense). Bromegrass: thrives on loam and sandy loam soils 
but heavy soils aggravate its tendency to become sod bound. 
Brome responds well to fertilization and mixes well with 
legumes partly because extra nitrogen counteracts the sod 
pound condition... 

Some bromegrass Varzeties are better “adapted «to 
northern, and others to southern regions. The southern types 
are Gal tem,. coarse stemmed, more strongly ereeping, and less 
ieaiy chan northern Varieties, The southern types turn green 
earlier in the season and remain green later in the fall 
than the northern types. They are more resistant than 
Hervnerneverietics to lodging and.leaf spot diseases. Leaf 
Spot diseases are a problem for bromegrass producers in 
western Canada and attempts have been made to develop 
resistant varieties. 

The northern and southern type bromegrasses, and the 
disease resistant varieties represent a range of 
morphological “types of bromegrass.. It was the objective of 


thie Stuay to sdentity those characteristics off. sward.' and 


tiller morphology which influenced yield of bromegrass, and 
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IL. LITERATURE REVIEW 


fe Morphological Characters Associated with Yield 


of Forage Grasses 


Investigators have been seeking to establish a 
Remar pon snip, thetwe'entvicharacterustics sofetiLleri morphology 
ardiw tye ld jtof esforacge. 4 dgrasseis: }rand to describe their 
inheritance. The relationship between tiller characteristics 
Heiainpormtant. i since ‘siehbectiLon maybe: simplified by «uwsing 
econricilat ronsitamon 2s titidl beriicharacteri stivcs foreta: welection 
inde wesapproach weselleet fonmcould alsorbe complicated by: such 


associa tions. 


Anslow, 1965 showed that rate of herbage production of 
timothy was. elosely related to size’ ofr tillers at harvest. 
Rolenoye Ag associated yiedd of) Dacty lis glomerata with 
iMdgevrdanal “Rertile tubler weight. Langer, 1959 showed -Chat 
in timothy and meadow fescue (Festuca arundinacea), as_ the 
number of tillers declined, increases in dry matter became 
inereasing ky war functions of univ rtiiver! “weighs: Rogers and 
Lazenby, 1966, Anslow, 1967 and Thomson, Wright, and Rogers, 
W7Siatretared gield, of (olvum perenne: cto tilher: number. 
Glenday and Fejer, 1956 and Troughton, 1965 found number and 
Sizer Onn i ler stioft equaleamportanvce inet idetermining . growth 
ratios: ; ofgipercnnwals* ryegrass. Whemsonse Wriehtyhand Roger's, 


1973) observed aptendency Tor theamelative ©aimporntance of 


WeAwntoicotedindividadualitertile and sterile tdidtler'’s: to: increase 
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towards the end of the season. Silsbury, 1966 suggested that 
nlanv weignt “Gnereased due to tiller ‘number during the 
vegetative phase and increasing individual tiller weight in 
the reproductive fiphase.. sTroughton,°l19/Ntascribed increases 
Mahone relative growth rate sof  ovhrettshoots tof! “vegetative 


plants of Lolium perenne to increases in relative growth 


raveson bothsetillber numbengand tiller *tweights“unAs terelative 
growth ‘rate -sapproached acmaximum there was, however ,: less 
pycrease Tinethesnumber of ttillers andymorepincrease )rins ithe 
weight of tillers. Langer, 1959 and Anslow, 1965 recorded 
maximum relative growth rate and crop growth rate of timothy 
and meadow fescue when flowering heads were emerging and 
Anslow, 1967 foundshighertrates of herbage production from 
perennial ryegrass swards which were allowed to flower. 
Knieht,; §1965 found that) periods of maximum growth rate in 
eoecksfoot varied according to inflorescence development. 


Jewiss, L972" *conevuded that eamounts of regrowth or Lolium 


temulentum and Phalaris tuberosa depend on both number and 


size of vegetative tillers -present at the base of the 


reproductive tillers at the time of defoliation. 


Tiither densavysof “perennialwsandelitaliantinyegrass ( 
boliumanideviftiornum) ;imeadewyand tall fescue’ (Restucea elation 
Dg timothy, andsorchardgrassideclines fromrearly spring <to 
midsummer and then increases until autumn (Milthorpe and 
Ivins s 96699 Banger 7 1looger Hunt andioBbroughamsor1966cand 
Zaylor rand WTempléton, 1966). Hunt ands 4Brougham, 1966 


attributed the decline in’ tiitervidensity Poor. tholtTum 
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Moot LoOrum noLevo preponderant’ deathvof tillersi,o butt rather 


commoderate Tiller? death and very low tillereinitiationi. 


Some investigators (Langer, Ryle, and Jewiss, 1964 and 
Gillet, 1967) reported that inflorescence initiation reduced 
Hitler initiations whiles others ((Jewiss and McWilliam, 19.70, 
Davies, 1969, -and 9Jewiss, (1972) have, shown that stem 
eVvVongavnon restraets,) tiddverins . It was suggested (Langer, 
Ryle, and Jewiss,, 1964. Williams, 1970, Hunt. and Brougham, 
Woo. and. Whittington and © Brien, 1960) ‘that’ competition 
Contributed to the decline in? tiller number. Cowling and 
Green, i970. “rejected. thas) possibility, observing tat all 


tillers in a sward were approximately the same size. 


Brougham, W956>-and Donaldrand Black, 1958 associated 
increased grass Crop growth rate with increasing 
phrovosynthetio area. Sheard and © Wineh, 1966 ‘found vrforage 
growth rate increased Ub suma kil almost complete light 
Interception. Wilson sand /MeGuire:, 1961 obtained highest 
forage yield when only 2% of the incident light reached the 
base of the sward. Thomson, Wright, and Rogers, O73) and 
Cooper and Edwards, 1960 recommended selection for high 
optimum leaf area index. Taylor and Templeton, 1966 found 
overall leaf area index related to average dry matter 
neeuniUulation ain vorchard grass, but during certain periods 
little or ‘no relationship existed. Anslow; 1965 found crop 
growth rate unrelated to photosynthetic ‘area. He suggested 


other factors besides leaf area index which affect the crop 
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growth: rate. These were the arrangement of ‘leaves, the 
tAvberactiongor isward structure and carbon dioxide diffusions 
ea gnelLurnoverSeiniatche.. crop, Yandwvariation in)lthecrobeyof 
acs7milativonsonran individual beat wduring oitsin Lite. Sheehy 
anwdsmcCoopen. 13s, ekhodes 1197/3 -andgnelson, Asay) andpHorst, 
1975 suggested that canopy architecture was as important as 
net carbon dioxide exchange of individual leaves in 
deperhinaingserop’ productavity 2!' Lbeafe, .Stileseands Dickinson, 
1974 PEOopesed BEhatbyeleaf sarrangement son Rthe culm might 
account for lower net carbon dioxide exchange of vegetative 


Gublerps nor sLolgum perenne tas .eomparéediyto Lreproductive 


tmwibers. Rhoges, P1972 demonstrated highersyfeltdatrom’ 7Loliun 
perenne" “when*eincident. Tight ,.was)uspreadsa,overvia, larger 
photosynthetic area. Hes .coneluded»> that’ areay for area 
comparisons of leaf areas were not adequate to describe 


faehrrere Lav ionshipy, to. yheld) usineesteanopys structure ders 


important in determining photosynthetic exposure. 


The importance “of “rate Of ear turnover) in the sward 
was recognized by Hunt, 1965 and Hunt and Brougham, 1966 who 
reported that leaf loss through senescence was one of the 
major. determinants of yield. Simon, Davies; and Troughton, 
1972 Ddound that ereater Josses due to death and: decay in 
swards occurred when cutting height is increased and that 
this may “account for the ~fariure to -see “incoreases. «in 
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the plant depends upon the balance between Lis 
pHoOLoOsynthesis, and, respiration... Ans low., 1967, Begg and 
Wright, 1964; Hopkinson, 1964, Pearce, ,. 1966, Alburquerque, 
1967, and Jewiss and Woledge, 1967 reported declining net 
aseamilabron rate with inereasing age of leaves. Pearce, 
Brown, and Blaser, 1965, and Brown and Blaser, 1968 found 
that shading leaves decreased their photosynthetic ability. 
Some authors have Maintained v thats pecause of these 
Uinreawlons On pHoLvosynthetic. ability, ).at high leaf area 
indices leaves become paras. tic. respiring more 
photosynthate than they contribute. inere: is evidence 
however (Brown and Blaser, 1968 and Alburquerque, 1967) that 
respiration decreases as shading increases. Ludwig, Saeki, 
and evans, .1965, MecCree and Trowghton, 1966, King. and Evans, 
1907, and Wilfong, Brown, and Blaser, 1967 demonstrated that 
respiration decreases in the lower leaves, being dependent 
upon substrate supply rather than light. Lower leaves have 
been Snow ~by goss Ofgiweleht not, to, aict..as metabolic sinks. 
sucresting that _ the, respiratory « load _.of.,a crop ,is not 
proportional to. leaf. area, (Davidson. and _~Donald,, 1953, 
Watson, 1958, Wilfong, Brown, and Blaser, 1967 and Williams, 
Loomis. and Lepley, 1OLOba)< wi ALSO «sand Cooper, . 19.7.0 
associated increasing net carbon dioxide exchange and net 
assimilation, rate sof Lolium perenne with smaller mesophyll 
ecelis. Leaf size and photosynthetic rate were negatively 
correlated because larger leaves have larger cells and there 


is a negative relationship between mesophyll cell size and 
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rate of photosynthesis per unit leaf area (Cooper and 
Trtckhey, sl9sl aa NonsONs ands COODen i. 1-9-6709 oO 6 90. cand pRhodess, 
Og cOi. » HOO eS en (Oeeuddd however fiend: sysmarlil} | eed 1] gstirne 


associated with slower leaf growth and lower yield. 


Stems, especially the Lower portions, represent a 
Supstancial proportion of yield (Anslow, 1967). .Hunt and 
Broughan, 196G@ ands Rhodes,’ 1971 found dt is essential that 
tye Stems be erect enough to be collected by harvesting 
Sunce. NO VDeRetT it, derived, —1rom, 1.nereased stubble height 
(Anstow, lott, ‘Davies and, Troughton, 1972 and Kneivel, 
vacques,». and Smith, 19:71). Watson .and Norman, 1939 and 
PROnNC. uo (recornizeq the photosynthetic ‘contribution . of 
leaf sheaths. Langer, 1958 attributed high relative growth 
rates after ear emergence to the additional photosynthetic 


area of leaf sheaths and ears. 


Langer, 1959; ‘found rate vor dry matter production was 
increased by increasing residual foliage after cutting, but 
Simon, Davies, and Troughton, 1972 did not increase herbage 
SrFoaguectrton [rom perennial, nyegrass by raising the height of 
Cur Line. By <wnereasing | the | product of Leaf area x time 
between harvests Sheard and Winch, 1966 increased the 
Productavaty Of. ‘e2mothy, smooth brome, and cocksfoot. 
Davies, 1972 decreased the leaf number of ryegrass by 
increasing the height of cutting because leaf laminae were 
removed but, stem, apices, left... intact .~.Simon,, Davies », and 


LYroucnt.on.. Ui? found no, Aniluence .~of sheigeht off.cuttTing son 
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rate of leaf appearance in Lolium perenne. 


In swards of Lolium perenne decreasing frequency of 
defoliation Was soatesOctaved with heavier “tillers, “more 
Peproductive tiiters and higher total tiller number after 
the midsummer depression in tiller number (Anslow, 1967). 
Cutting either meadow fescue or timothy every four weeks did 
mot alter the ‘séasonal trend in tiller’ number (Langer, 
i959). Knight, 1970 °found number of sterile and fertile 
tillers of Dactylis glomerata reduced by frequent cutting 
but unaffected by harvesting at 4 to 6 week intervals. Uncut 
Diantvs vroduced fewer reproductive tillers than plants which 


were defoliated. 


Teel, 1956, Paulsen and Smith, 1969 sand Reynolds. and 
smith, 11962 showed that producerivicy decreased with 
defoliation between the initiation of internode elongation 
to ear emergence because during this period shoot apices 
were susceptible to removal, carbohydrate reserves were 
minimal, and axillary buds were not developed. Kneivel, 
Jacques, and. Smith; 971) achieved maximum yields of smooth 
brome 2nd tinothy by, cabling at carly anthesis. Langer, 1959 
found that cutting timothy before apices differentiated 
temporarily increased tiller number while cutting afterwards 


had the opposite effect. 


Branson, 1953 found> “the \fproportion of wegetative: to 
reproductive tittlers Ana sward anfluwenced wts pegrowth, the 


more ‘vegetative’ ‘swards surviving best. For two weeks after 
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detoltati0n.. Of, jorchard grass increased round cover was due 
GLNIGeeeenuirel velo sleat expansion  'oF  .nontilowering, tillers 
Giawl Oreand) Lempweton. 1966) «i lewiss:,1972\said that, amounts 
of regrowth depend on both number and size of vegetative 
WitkLers = Dmesent .ac the spase of rmeproductive tillers at the 
tunes sor SOUt bile... Anslow, 1967 found that afew, large 
tillers of Lolium perenne gave the same regrowth as many 
small) tillers. Baylor and ywTempleton, .1966 reported that 
Slunoley Of fertile tillers) of orchard jgrass was, higher in 


stored carbohydrates than vegetative tillers. 


Zmpwrcatis tical sand Genetic Analysis 


The method of stepwise multiple regression described by 
Draper and Smith, 1967 was applied to bromegrass by Walton 
in 1976. He used yield of each of two harvests as dependent 
variables, and .also used multiple regression to determine 
the independent variables associated with some Cue en 
characteristics. Walton associated increased yield of forage 
Wit increased winter survival and plant height. Stepwise 
multiple regression also showed relationships between leaf 
number and stem weight and yield. The regression procedure 
established dependencies between tiller number and stem 
weight, stem weight and standard leaf weight and between 
Standard leaf weight and deaf number per stem... Also leaf 
weight was related to stem area and stem area and leaf 
number were related by regression. Much of the variation in 


tiller number and size was explained. 
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Diallel crosses have been used by various workers to 
test the progeny of forage grass crosses (Dunn and Wright, 
19o7 0, Ross, Pie ieee, end | wins, 97-05, “BoODUinsSon and Thoma s., 
1963. “Inmothny,, thomas, and  Kernkamp, LoSo. sMashira, and 
Drolsom, 1972, and Drolsom and Nielson, 1970). The method of 
diatblel analysis described in i955 by Griffing gives, an 
estimate of peneral, combining ability, specific combining 
abst, and reciprocal effects. .Sprague and .Tatum, 1942 
defined general combining ability (GCA) as the average 
Derlormeance. (Of0a, Dine in hybrid ‘combination, whale specific 
combining ability (SCA) was the difference between the 
performance .|of across and the average performances of the 


lines in the cross. 


ine “GCA Variance Ps one quarter of the variance due to 
additive gene action, while the SCA variance is one quarter 


of the variance due to dominance, epistasis, and genotype by 


environment interaction (Gardner, 1963) Hanson and 
Carnahan, 1956 reviewed the use of combining abilities for 
evaluating forage grasses. Robinson and Thomas, 19:63), . Dunn 


and Wright, 1970, Mishra and Drolsom, 1972, Walton, 1974. 
fan sand Dunn. 19:76, Walton, 1976 ,cand “Tan, Tan, and. ~Walton., 
1976 Stound | GCA. larger than SCA for, most.morphological 
characteristics. Specific. combining ability has been 
PeporiLed bo. spe. Bigni?ticant (Sleper and Drolson, 1974, 
Walton, 1974, Tan and Dunn, 1976, and Drolsom and Nielsen, 
TO7 0). | Lhowies',” (950, Mistira” jand Dprolsom,.1972,.and Tan, 


Tan, and Walton, 1976 reported SCA larger than GCA for’. some 
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morphological eharacteristics Sprague and *Tatun, 1942 
cConciuded thatierthe relative tsimportance eof sGGAnwandssSGA 
depended upon the parental clones used. If the parents of a 
diallel have not undergone selection for their combining 
ebiieiyeacne Ivaridance for’ yGCA wasemorevimportantethat the 
Vapiancesfor SCA: wif the Yparents have «been, seelected.: for 
therey combining abiditys, they variance ytor tSCA Swastimore 
imperbanv pr hanwthnemyarvance) jfor. /GCAs~ Where +GCAwrise»more 
importanth parents» would be suitable» wforseiar multi-cione 
synthetic, whereas clones showing high SCA effects could be 
used as parents for two-clone synthetics. Reciprocal effects 
Weeenesteniticant, for ‘some traits of ibromegrass (Knowles, 
So)  Drotsom and Nielsen, 19.70, Mishra sand  Drolsom, LOSEe, 
and Walton, 1974). Mishra and Drolsom, 1972 suggested that 
reciprocal efrecrs are. of Wittle “consequence in’ synthetic 


eombinatvions when a number of clones’ is’ involved. 


Troughton, L971 describedindividual tatlersaweight and 
number as inherited to some degree independently, but 
Theompsohse Wright and Rogers;+1973_ and Cooper and»Edwards, 
1960 reported a negative correlation between tiller number 
and individual tiller weight. They also found differences 
between progeny in number and average and total dry weight 
or sterivevand fertile tillers to be due to both general and 


Specific combining ability. 


Gardner, 1963 and Wright, 1970 derived procedures for 


estimating broad and narrow sense heritabilities. Broad 
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sense heritability (Hy) ise nat = portion or phenotypic 
variation which is heritable, while narrow sense 
Herta tev aust hat portion of (the heritable variation 
Winches some =to  Tadditive., wene |taction.  Silsbury, 1966 
described tiller weight and number as very sensitive to the 
environment. Lrougnoon,. 91 Sard wthat the general level of 
enerey substrates controls tiller number vand size. Silsbury, 
1966 was not encouraging about breeding for tiller number 
ana Werent as components of yield saying’ that. tiller number 
has limited predictive value in determining dry weight since 


there is considerable variation between plants in tiller 


weignt. 


Hunt and Brougham, 1966 Tound ‘significant differences 
among species on the amount of tissue present before a 
balance was achieved between leaf production and death. 
Simon, Davies, and Troughton, 1972 and Cooper and “Edwards, 
1960 found marked differences between genotypes in leaf 
weight and overall size. Cooper and Edwards, 1960 also found 
thac selection for a rapid Tate “of leaf “appearance in 


ryegrass resulted in smaller leaves and vise versa. 
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III. MATERIALS AND METHODS 


The. eight) clones of Bromus: inermis Leyss./ (UAS, UA6, 


UA. UNI es VASO BOR. B42 Cand 43) oused in. this experiment 
were selected from diverse sources. There were selections 
Prom commercial scultivans) -of'; norcnern, southern, and 
invenmediate, climatic: “adaptation. Some selections showed 
field resistance to Pyrenophora bromi (Dred.) and 
Selenophoma bromigena (Sacc.) when grown at Saskatoon, and a 
synthetic clone was susceptible to these diseases. One clone 
was selected from a long established pasture in Alberta. 
These clones gave a range of morphological type which is 
described in Table i. Lhese- eight parents were crossed in 
all possible Combinations using the mutual pollination 
method (Drolsom and Nielsen, 1970) and the complete diallel 
was establashed in the field» at Edmonton in 1973... Four 
individual plants of each genotype of the eight parents, the 
Fy, and the reciprocal crosses were planted in a plot 60 
em. x 240 cm. The plots were arranged in a randomized block 
desion. Atter Bmp. years of ecrowth the four individual. plants 
had grown together to form a sward completely covering the 
plot area. Each whole plot was harvested twice annually 


using a modified Mott mower. 


Rus “four dares in. V9t> each plot in Whree replications 
was sampled by clipping all plant material from an area 8cm. 
x SOcm. ab tour Locations in “the sward. ine sampling ‘dates 


were May 22, June 9, June 25, and July 29, which correspond 
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WLtUh une initiarion of growtn, stem elongation, time of” the 
first harvest, and three weeks of regrowth. The samples were 
frozen for storage and subsequently the tillers were counted 
and Classiirred according to the types nonelongated, 
elongated, and’ neaded titiers . 7A VO tiller .subsample was 
Vevarneda. rome Gach tCilVer type. Karly an the season, when 
nonetongaved tillers rdominaved the *swerd, “the “ten. ‘tiller 
Sup sanplee Wes Via it amMalbler’, proportion. 7.04 the’ total tiller 
DoOpULavilon. thane haver In the season. When tillers; began “to 
elongate ten tillers often “included the ‘entire population of 
Beers Wile etas cCavegory. [ne Tmyler Gnaracceristics 
observed on these subsamples were area and weight per tiller 
Of leaves, stems, and heads, leaf number per tiller, stem 
length, iratvedual, ciller .weLent, teat “tor Stem” ratio, 
average area per leaf, and standard leaf weight. Areas were 
determined using a Hayashi-Denko, Model AAM-5 automatic area 
meter. Leaf sheaths were included on the stem. Weights were 
determined after the plant parts were dried at 100 °F for 48 
Wa bE Gis ie Standard leaf weight was the weight per unit area of 
leaf. Average leaf area was the average size of leaf for 
eacn” tiller “type. The sward characteristics observed were 
Vigor. spread, “and height to the flag leat at. the” time of 
each harvest. Vigor and spread were rated early in the 
season bya Visual score, a rating of 4 was used for the 
mMOSt. Vigorous. plants, while 3 indicated maximum spread of 
the bromegrass in the plot. The observations were expressed 


as plot means. 
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ne. Assoc lavaon an, the complete dialled of these tiller 
and, Ssward characteristics with yield was analysed using 
Simple correlation and stepwise multiple regression. First 
and second harvest yields were dependent variables in the 
regression formulae. Tiller characteristics were used as 
independent variables to determine which characteristics of 
Cebbermcype and tillers mcorpnobory accounted, at each of the 
four sampling dates, HLOtmewmiosteon wae Vvartataon in yield. 
Then sward characteristics were permitted to -enter the 
regression analysis to derive equations predictive of yield. 
For, parents, Fo, and the reciprocal crosses the association 
between tiller characteristics was analysed using simple 
COrrpervaLtion and stepwise Prultiple regression. Individual 
tiller weight and tiller number of each tiller type were 
dependent variables in regression analysis using all other 
tater characteristics) as independent variables. The 
stepwise multiple regression procedure used introduced 
independent variables into the regression equation according 
Fo ene “proportion of variation of the dependent variable for 
which they accounted. The regression analysis was considered 
complete when the introduction of a new independent variable 
resulted in a change of less than 1% of the variance of the 


dependent variable. 


Griffing’ s, 1956 method of diallel analysis was used to 
partition _the mean. squares of characteristics of single 
crosses which showed significant variation between genotypes 


according to an analysis of variance. The model used for 


| Mis: ait, 
aft ‘ AA ve : m4 
er Tae) = a 
. - 
pitt oeyte qe 4 
sniay woeviah 
‘.7ia  .noiee 
auts ot ce Seas ad 
€ ba ren prs 
. jaye t de RHO nts wah ne 
\ 
ro cal iin a> 4 beet oe #80 ek a onan r yankees 
oh" i pepe Peny sat to Seom- see ne vig 
‘ 5 a : ey id 
‘ a) Hy ey Og 53 ‘in 71H aot tz i sor gnnnt 
bp ' 14 i BH CIES hS =a ven 
| aie 
. ; = 4enne PESO st02 © as 
a eS | 
spells i! Laws” See sof end I 22 BS ; 
& wai ; ye rz | ( 
sn e 19% hath ile pertuess a D&B to! 
i} ha * es A 
; : = sors Lngy 1ollofyY Bese jagiew 
tA on hE fe ae 1 On eeiigiriay. soot 
i ' i he + f ; ot a5 
oe t F i ‘Gg eis 3¢ anise innsoeaede 
a : # (1 
J soy; . suchenodh 1 foi agestasn oigiifua ” 
i \ @E4i SIC D3S¢ : py 
4 
; mi ro he yt ; nn | c stéyhdar sania 
’ ; « a ~~ 
" . va bs a a mi eu BY ro rod ts10qge3q | abe aa 
lic we 
a: isuns nonge oie ont sbadawosod’ ‘ene 
5 _) : : i i Re 
oe 7 a : 
. ‘ — at to mOLFIVHOTINZ wg — : . oO 
r x 7{ Wi ; ca > 
nee ftv ott Soo OC) wedy eeel Fe apne te Eth yy 
7 os 
eae 
2 5% a 
SA 7 iy pe 
Bid VLEGAS * aifiato.-Yo i eotemy aad. a “sat 
eh ra eal : : 7 P| oe a 
neal i ; 7 : A ‘. 
 Srpmte “ee OLR eirstdeteds” “to wemasiat Bn 8 ae pile 
a i + iad 4 ; 
al ed used macy pat adecttedath: bovean Ll Ane SS 
| w 1 oa _ aa Bi ds LG 
pct eeg | Siqits ‘ad . 7 he wr j 


iy 


partitioning the general combining ability (GCA), specific 


combining ability (SCA), and reciprocal effects (RE) was: 


en Gas a ip 


were u is the population mean effect, g. (or g;) is) the. . GCA 


ehlecue hora the mente epee Dacents e028, the, SCA ‘errect 
1Jj 


for the cross between the ee and aoe parents, such that 


2S ,4Che Creciprocall eriedct lrand the 
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residual error associated with the t5k DLOCG, osnee the 
plants ~swwerne, not, seleeted, for. any,.of the,.characteristics 
ungerm Study. eModel..2. was, .usedy and... Method | 2. including 


parents, F and reciprocals was appropriate. Model 1 is 


1? 
used when parents have - been selected for the characters 
Underapracudy..; Thesidatasy .was, salso. analysed.using,. Model, ,1, 
Method 2 to generate estimates..of «general. and specific 
combining ability effects, since. this information was needed 
to select parents suitable for a breeding program, Following 
procedures developed by Gardner, 1963 and Wright, 1970 broad 


sense heritabality(H, ) and narrow’. sense heritability(H, ) 


were estimated as: 
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variance components, respectively. veros tl was Catsed onastan 
approximation of negative variances after the manner of 


Mishra and Drolsom, 1972. 
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1. General Trends in Tiller Characteristics 


AS. shown, “ind “Bicure 1 the total number of bromegrass 
tillers inereased from the first sampline date (34 tillers) 
co tier’ second Sampling date and was slightly higher in the 
regrowth sward (94 tillers). Changes in total tiller number 
between the second and third sampling dates were associated 
with genotype (Table 2). The number and size of nonelongated 
cCaolhers, fedile frome ther iarst, to “the thardisampline date; i then 
rose aftergthertirsteharvest.. The numbersand size ofev headed 
tidiers srose eirom hthearsecond to), the, third) sanplings dates, 
toenuiteltvafter tirelfarst harvest.  Thevnumber’ sof “elongated 
tids ers Pedllee unital) aches, thirde sampling, date, rising: then 
untied therfourthe(Tables2)4,Elongated tillers sof wseenotypes 
B40,e: B425. » UA5,° and) UAA O08 were smaller at the third than’ the 
second. (sampiing) -date.~saAsscithe. tillers recovered from 
defoliation elongated titdersa: Offa BAO, Bae fland»y UAned 
inereased ingalmostynallearcharacteristics;- while) 7UA5r only 
inekreased: dny stem psize. eBetween gthe “second, and third 
sampling dates the elongated tillers of UA6 and 43 increased 
in leaf size and became less stemmy. After the first harvest 
elongated tillers of clone 43 increased in leaf and _ stem 
size, while UA6 only increased in stem size. UAY elongated 
tillers decreased in weight and leafiness between the second 
and third sampling dates and produced stemmy regrowth. 
Leaves and stems of UA12 grew before the first harvest but 


mainly stems grew afterwards. Elongated tillers of BHO, B42, 
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ara sual Oetgrew least, vigorously itbefore sidefoliatiiton, and 
recovered most vigorously. UA5, UA6, UA9, and UA12 yielded 
Svemnmy “regrowth. @lhere cis thus ‘genotypreservariations imuethe 


reaction of elongated tillers to defoliation (Table 2). 


2. The Association Between Tiller Characters 


Wetihiin whil Mer «Types 


Generally, throughout the season, “inereasing individual 
PuLler wereht within a tiller type was “positively: correlated 
with increasing number, area, and weight of leaves per 
tiller, stem length and area per tiller, and head area and 
Welent of the ‘tillers (Tables 3 and 4). Also the number, 
area, and weight of leaves, length, area, and weight of 
Stems, and weight and area of heads were all positively 
eorrelated within tiller types (Tables 3 and 4). Multiple 
regression equations related individual tiller weight of 
each tiller type positively to the leaf area per tiller and 
Spanmcard. Lear weneht.” of) Cillers’) within thatestittler type 
torenuehout the;season (Tables 5/6, “and 7). Atty the’. first 
sampling date individual nonelongated tiller weight was 
negatively associated with number of nonelongated tillers 
(Table@srasiznoas tamwd 2):4eThe (heaficto istemtmationof ellongated 
tillers: wasimnegativelhy related iby multiple cregressions) to 


indi vidua vati bheneweteht uihnroughout <cthe season s¢Tablie h6)). 


The multiple regression equations showed that number of 


nonelongated tillers was positively related to number of 
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Jeaves per tiller within the category throughout the season 
(Table 8). Stem length of elongated and headed tillers were 
postervely relaved™ by correlation and regression” to “number 
of tillers within their respective categories (Tables 3,4,9, 
ange. (Gye “hear to estvem ratio of. .telongeated “titlers was 
meévacively correlated™ = with Giller” "number “at the “second 
sampling date (Table 3). Regression analysis also related 
elongated tiller number and standard leaf weight negatively 
apecne “second sampling date (Table 9). Léaf to stem ratio of 
elongated tillers was negatively correlated with their 
tiller number at the fourth sampling date (Table 4), while 
multiple regression related leaf weight per elongated tiller 
Hegatively to their tiller number at this time (Table 9). 
Multiple regression related number of headed tillers 
negatively to the leaf weight per headed tiller and standard 
Lear “werent oot" headed tillers atthe second and third 
sampling dates respectively (Table 10). The standard leaf 
weight of headed tillers was negatively correlated with 


their tiller number at the third sampling date (Table 4). 


3. The Association Between Tiller Types 


Throughout the season, for nonelongated and elongated 
Cidllers-, an anecrease in the weight vof “individual tillers ‘of 
one type Was associated with a decrease in, the number -of 
tillera\"or the “other “type “CRabies:3 455, and oS) "At the 
second sampling date the weight of leaves per elongated 


tiller was negatively related to number of nonelongated 
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Tirrers (laploes =snand voJa At“the “third. sampling Yate ‘the 
size “of *ileaves” “of = nohelongated™ titblers “twas negatively 
Peveaced to number of “elongarved’ tillers: 7 (Tablewsg )-s «By ’ the 
time of the third sampling” date stems had developed so that 
their ineréasing size was negatively correlated with size of 
nonelongated tillers (Table 4). At the fourth sampling date 
number and weight of nonelongated tillers were negatively 
related to leaf and stem size of elongated tillers (Tables 4 


ana oO) < 


Kt. the. <second and fourth sampling dates the 
nonelongated tillers resembled the elongated tillers in that 
both types of tillers increased in weight and number as the 
tworcypes OL, tabklers:~ followed a similar “growth ‘pattern 


(Tables 376, and 9). 


Nonelongated and headed tillers were associated 
Negabpively throughout the season (Tables 3,45, and 8). “At 
the second sampling date inereasing number of either 
nonelongated or headed Pain ers was associated with 
decreasing size of tillers of the other type (Tables 3 and 
8). At the fourth sampling date the tiller numbers of the 
two types of tillers were negatively correlated and number 
of nonelongated tillers was negatively correlated with 


individual headed tiller weight (Table 4). 


Elongated and headed tillers were negatively related at 
the second and third sampling dates since increasing number 


or tillers of one type was associated with decreasing 
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iris vowel bisslor i welehnin sof tillers. of » the. other type 
Ghapies 3,456), and 19). At’ the .‘second, sampling date ‘the 
number of headed tillers was negatively related to leaf and 
stem characteristics of elongated tillers (Tables 3 and 10), 
At the third sampling date elongated tiller number was 
negabively related to nearly ‘all characteristics of headed 
tillers, but there were positive correlations between size 
or elongated »and= headed )talvers*¢{Table 4). At’ the’ fourth 
sampling date also there were positive correlations between 


elongated and headed tiller characteristics (Table 4), 


i likgtver Characters Associated-with the Yreld 


of” the Tirst” Harvest 


At the first sampling date regression and correlation 
related the number of nonelongated tillers positively to 
GCirst \harvest yield (Tables 11,13, and) 14). Regression also 
related the leaf area per nonelongated tiller positively to 
yield CTables, 13 “and 14). At the second sanpling’ date. first 
harvest yield was positively correlated with the weight and 
number of headed tillers and the number, area, and weight of 
leaves per headed tiller (Table 11). Regression analysis 
revavead yLela positive ly* to =the Weneth* of headed ~ tilter 
stems "Tables Stand’ 14) .* At’ the Second sampling’ date® first 
harvest yield was negatively correlated with number and 
weight of nonelongated tillers, their leaf number and weight 
per? tillers \and-"their "standard leaf weight, (Table 11). 


Regression analysis also related number of leaves per 
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nonelongated tiller negatively to yield (Tables 13 and 14). 
Regression and correlation associated the standard leaf 
welgent. of) elongated  tillerssnegatively with first, harvest 
Vicia Grabies. 1413), and 14) Jande the correlation,/of, leat, to 
Scem ratio, ol clongated,, tillers ~.with “yield was... negative 


Gitap Mend). 


Ac the third sampling date negative’ correlations with 
tne "Carst. harvest yield (predominated, ~The number OF 
nohelongated, tillers, their, weight, average area per, leaf, 
and their leaf number, weight, and area per tiller, were ,all 
negatively correlated with yield (Table 11). Regression 
analysis Vrelated=s first harvest vield negatively to 
individual. .nonelongated. tiller-pweient, weight of headed 
tiller stems, and the leaf weight per headed tiller (Tables 
Ps and 14). Positive correlations were found between first 
harvest yield and the stem lengths of elongated and headed 
tillers Sand othe.’ number Cot, sheaded tillers, »(Table 39). 
Regression related the length of headed tiller stems 


Positaye yptO first harvest yield, (Taple 14). 


By the time of the fourth sampling date none of the 
tilterycharacteristics were correlated with ‘yield of the 
first harvest. Regression related number of nonelongated and 
elongated tillers positively, and individual nonelongated 
tiller weight and number of headed tillers negatively to 


first harvest yield (Tables 13 and 14). 
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Doe lieler Characters Associated with othe. Yield 


of the Second Harvest 


AG “thre first sampling date correlation and regression 
related number of nonelongated tillers positively to second 
harvest yield (Tables 11, 15, and 16), and regression showed 
a positive relationship between leaf area per nonelongated 


ta Lveraandeey 16 tds (GTab le, 1:6.) ° 


At the second sampling date the number of elongated 
tiiders ‘was positively (“related to second harvest yield by 
regression (Table 15), and regression and correlation showed 
a positive association between yield and area of elongated 
Civet Sc ems (Tables te andy! +11)", There was a positive 
correlation between yield and elongated tiller stem length 
(Table Dtoe Correlation and regression related number of 
headed tillers and their stem length positively to yield of 
the second harvest (Tables 11, 15, and 16). Stem area per 
headed tiller was also positively correlated with yield 
(Table 11). At the second sampling date the standard leaf 
weight of both nonelongated and elongated tillers was 
negatively correlated with second harvest yield (Table 11). 
Regression related individual elongated tiller weight and 
stem weight per headed tiller negatively to yield (Table 


tO; 


At the third sampling date regression analysis related 
number of elongated tillers ‘positively to second harvest 


yield (Table 15). Regression and correlation showed positive 
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associations between number of headed tillers and their stem 
Venethnand*+secondshanvestwmy.celdy(Tablesae1i44015, gandd 16). 
Stem area :per-headed tiller was also positively correlated 
with yield (Table 11). Regression and correlation showed a 
negative association between yield and the standard leaf 


weight of headed tillers (Tables 11 and 16). 


AG. the “fourth sampling date regression related 
bRonelongated tiller number. positively to second harvest 
yield (Table 15). The number of elongated and headed 
Ulver s., their weight, their leaf number and leaf area, the 
average area of their leaves, their stem lengths, areas, and 
weights were all positively correlated with the yield of the 
second harvest (Table 11). Regression analysis also _ showed 
positive’. associations between length of elongated tiller 
stems and number of headed tillers and yield (Tables 15 and 
pow he There was a negative correlation between yield and 
standard leat weight of nonelongated tillers at. the fourth 
sampling date (Table 11). Correlation and regression showed 
a negative relationship between elongated tiller standard 
leaf weight and yield (Tables 11 and £64 Regression 
eanHalyeis also relatedselongated tillersleak« toe sstem,., -rasio 


negatively to second harvest yield (Tables 15 and 16). 


Gb.»TiddlersGharacters Associatedewith+ Totals«Yield 


At the first sampling date number of leaves per tiller 


and number. of nonelongated tillers were positively 
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correlated with yield totalled over both harvests (Table 
11). When the second sample was taken total yield was 
positively ‘correlated with number and weight of headed 
tpilers sand thear “number “and areav’or Leaves per tiltlter.” ~The 
size and number of nonelongated tillers was negatively 
correlated with total yield. AC) whe Sebo ird. .anpling date 
tiller number and stem length of headed, and stem length of 
elongated tillers were positively correlated with total 
yield. Number and weight of nonelongated tillers, their 
number, area and weight of.leaves per tiller, and average 
Arcam per. cat. sas wellvassstandard leat weight ‘and leaf. to 
stem ratio of headed tillers were negatively correlated with 
twowCalsvyield At the fourth sampling date. number, leaf and 
stem area, and stem length of elongated tillers were 
DOsltively correlated with total yield. Leaf to. stem ratio 
and standard leaf weight of elongated tillers were 


negatively correlated with total yield. 


7. Sward Characters Associated with Yield 


For the sward characteristics the correlations between 
SCompinesd wand” “individual yields, vigor, and Hetents of “both 
harvests were all significant (Table 12). For’ all sampling 
dates vigor accounted for “most of «the variation, in first 
harvest yield (Table 13). Height at the first harvest was 
included in the regression equation on first harvest yield 
at the first, third, and fourth sampling dates 1 (Table.'’ 13). 


spread was ineluded in the regression equation on first 
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harvest. vieid at the, First ‘sampling date. Throughout’ the 
Scaszon heischt at. the second harvest accounted for most of 
the Variation. in second Harvest... yield (Table 15). The 
regression analysis indicated that. vigor was an important 
eomponent got second: harvest: yaeld at. «the first and third 


sampling dates (Table 15). 


8. The Genetics of Tiller and. Sward Characteristics 


The analysis of variance showed significant differences 
between genotypes for all characteristics reported in Table 
e, except Tirst harvest yield. General combining ability was 
significant for nearly every trait studied (Table 17). Fewer 
Specrrie CoOMpDiIning abilities were sitenificant.” In*most’ecases 
the mean square values for general combining ability were 
Supsvanvially larger than tne Values’ for specific” combining 
Ape Cya reciprocal eflects were’ sienibiacant. [Or a> ‘few ~oOL 
the traits studied. The general Combining ability effects. of 
UWAie. were consistently low for all”™tralts, though only the 
Dowels yield GCA etLect Of B42 Was s10n (rable ly;9. Ime ‘SCA 
effects for UA10 were high for total yield, second harvest 
VLelLi, netent at the second harvest, and vigor. .=sth effects 


for selected characters are listed in Table 19. 


The broad and narrow sense heritabilities are presented 
in wable 77. Of the tiller and award characteristics related 
to .yield broad sense heritabilities were high for height at 


the second harvest, leaf area per nonelongated tiller at the 
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first sanpling idate,- individual *eliongated ‘tiller weight at 
the second Vsampling date; and.) at. the third sampling date, 
individual nonelongated tiller weight, and leaf and stem 
Weight of Headed tillers. At the fourth sampling date broad 
Sense wneritapility was high for the number. of nonelongated 
tillers. Intermediate magnitudes of broad sense heritability 
Nelecutecorded (for herent at the first haryvest., vigor; number 
of mnonelongated ‘tillers early in the season, area of 
evoneaved tiller stems: at “Che second sampling date, and 
reper. and “weients sof (headed tiller stems at this time. At 
the third sampling date broad sense heritability of headed 
tiller number and stem length was intermediate, and at the 
fourth sampling date broad “sense heritabilities of elongated 
tiller number and stem length were intermediate. Broad sense 
heritabilities of elongated tiller standard leaf weight were 
fow at the second and fourth sampling dates, that of headed 
tpilers was low at the third ‘sampling: date, and number of 
neaded tiblers at the fourth sampling date had:a low broad 
sense heritability. Narrow sense heritabilities were low for 
neariy every characteristic associated (with yield except 
height at the second harvest, individual elongated tiller 
weight at the second sampling date, weight of leaves per 
headed tiller and their stem weight at the third sampling 
date, and nonelongated tiller number at the fourth sampling 
date. ALSO ad 6.0 ore fourth sampling date narrow sense 
heritabilities were not low for average area per leaf, area 


and weight of leaves per tiller, stem length and area, and 
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individual tiller weight of elongated tillers. 
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V. DISCUSSION 


Walton, 1976 found that increased standard leaf weight 
of. bromegrass, was negatively... related, to,..yield.~though.. it 
siotudy beiiassociated with igreater photosynthetic effi esency,. 
Ieee present, study morphologic characters changed. their 
Reda omsh ip. t.0 dry,matten accumulation, at. threc » levels. of 
Compile x.y. The. relataonshap. of tiller characters, to, yield 
should be discussed as their interaction ih Darts. . OF 


uvlers ,.~iwoho le. wallers. ands tie. complete “swar.dy. 


Pei de AcCCcunulatt On, Of PhobLoscynthaves in. Parts, of) Tillers 


Both total area “and photosynthetic “efficiency ‘of 
leaves, leaf sheaths, stems, and heads affect the 
Contribution oyna Cie rhm (Damtes, tome che: Sacounmi! atbvon sor, 
photosynthates in a bromegrass sward. Increased leaf area 
poem tiller. jis. associated with inereased individual tiller 
weight within the tiller type throughout the season (Tables 
Deed geiwAtL the first, and third sampling dates, increased 
leaf area per nonelongated tiller was associated with 
decreased nonelongated tiller number (Tables 3 and 8) yet at 
the third sampling date increasing average area per 
nonelongated tiller leaf was associated with an increase in 
the number of nonelongated tillers (Table 8). Tillers have 
limited supplies of photosynthate with which they ean either 
expand their .leaf area per tiller. or dmcrease their tiller 


number, however greater photosynthetic ability can improve 
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tiibbher+s-sur vival. At the fourth sampling date leaf area per 
elongated tiller was positively related to the number of 
these tillers (Table 9), but leaf area per headed tiller was 
negatively related to their tiller number (Table 10). 
Possibly .sthe, leaf :area of headed tillers had, expanded .to, the 
CxLeitsuia wer Uunenermauinecreases wonly added) ito «shading vand 
eonsequent loss of dry matter. Generally increased stem area 
of elongated and headed tillers was positively associated 
Nitgieancreased individual tCliiller, werent “and tiller number 
Mircmine mathe. tasklene «types (labbes 3), 40. sands tye. At both the 
third and fourth sampling dates head area per headed tiller 
was positively related to the weight of individual headed 
tillers (Table 7) and at the fourth sampling date head area 
was positively associated with the number of headed tillers 


CT ab We: lp)", 


Increasing standard leaf weight has been associated 
with .,increasing . photosynthetic efficiency (Pearce.et al..,, 
1960).. bnwthis study jincerneasingistandard leafi.«cwetleht. sof .a 
Ci ber type was positively associated with increasing 
individual taller webght of that tiller type throughout --the 
BeaAsOm ae G babies (e345 5,6,,.. and 7) ibut thé irelationship of 
standard leaf weight to dry matter accumulation depended 
uUDONnisewhat use the ,ciller made st the photosynthates. At the 
first @#fand (sthird sampling: dates. mumber of  nonelongated 
tillers was positively related to their standard leaf weight 
GTanmhes ks andy 8). Standard. leaf weignt and leaf to stem 


ratio of elongated tillers were negatively related to 
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elongated tiller number at the second sampling date (Tables 
3.and 9) and leaf to stem ratio and leaf weight of elongated 
tillers were negatively related to elongated tiller number 
ap eine Toucth sampling date “(Tables 4 and 9). This suggests 
that while accumulation of photosynthates may be increased, 
tue suse - OG “photosynthates \for anereasing the weight of 
leaves over and above the weight of stems can aggravate 


competetion and decrease tiller number through senescence. 


ine Pelawaonsnep) sor ‘standard, . leaf, eweigent » to, yield 
rerlects the pilanvues dependence upon the use of 
photosynthates. At the second sampling date the standard 
leaf weight of elongated tillers was negatively related to 
first and second harvest yield, while at the fourth,.sampling 
Toten ibe wasn | Necatva vewyins related so Wwaeld of the wegrowth 
Darvestaimoables  athioml 4 sand  T6).e Ah. similar. but. hess 
pronounced relationship exists between standard leaf weight 
Shrohneaded at iilers. their, tiller number, and the accumulation 
er drey Matter, At thessecond sampling date number, of — neaded 
tillers and their leaf weight per tiller were negatively 
peleted. indivcating that an increase “in leat weight, could be 
deterimentallto the initiation of headed tillers (Table, 10). 
At, thenthniurd sampling date numbersand. standard. leaf weight 
of headed tillers were negatively related (Tables 4 and 10). 
Possibly the increased standard leaf weight contributes *to 
senescence of some headed tillers due to increased 
competetion between leaves. At the third sampling date leaf 


weight of headed tillers was negatively related with first 
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harvest yield (Table 13) and standard leaf weight of headed 
Diekermsiewas negatively related T ito: yledd cof »-the -eregrowth 


arvest) (Clabiles! £1 and 16)):. 


it. has) peen ‘suggested that ~the accumulation of dry 
matter ~1n  .a grass sward would be maximized when 
pPaortosynthates are invested aia’ expanding larger 
photosynthetic areas (Ryle, 1968). This would occur’ when 
Jean, tO %tstem ratio” inereased. Lt “is “seen however that 
increasing leaf weight and leaf to stem ratio of elongated 
tillers al bie Second sampling date, “and eat tor stem ratio 
at the fourth sampling date, were negatively related to 
yaeid., Grables ti “and “16).7At“the third sampling date the 
leaf weight per headed tiller was negatively related to the 
Pinet harvest yield (Table 13), while: tear toustem ratio of 
headed tillers was negatively related to yield of the 
regrowth harvest (Table 11)... Thus as the weight of leaves 
increases there is greater competetion between leaves) and 
hence increased senescence. Other authors have stressed the 
need to control leaf development at .certain times of the 
growing season to encourage tillering (Brown and Blaser, 
10609, It seems that. after (a certain feat to stem ratio is 
established, further attempts to increase weight of leaves 


rPesulvs in only a transitory accumulation of photosynthate:. 


2s the Accumulation of Photosynthates in Whole Tillers 
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Sonptribute in 7 different ways to the accumulation of yield 
throughout the season. At the first sampling date the number 
of nonelongated tillers and their leaf area per tiller was 
posiulvetyearciated to yield of the. first, and second. harvests 
Beta ecw) 3,.1, \>o and Ao)eanyle, 1904 found the expansion 
Himanvarve provtosynthetic: area as early as possible. in the 
SseasOm, important. Wo, yLeld.iLater: on ognethe: season however 
nonelongated tillers became a detriment to yield since they 
were not talds enough’, (oOo, be. cuts at harvesting. Number, and 
Indiv dial. tillem welebt oh nonelongated ta liers. and . their 
number of leaves per tiller were negatively related at the 
Second and sthird sampling dates... tio ~first., harvest, yield 
SAD esos lle ulow ends Ito. the ws nonelongated tillers, did. 
however .. contribute to, yield ,f the regrowth  swharvest, from 
the time of the fourth sampling when increased number of 
Hhotelongated tillers, probably. contributes. to better, recoveny 
trom dcefol tacion. .( Tabs ee. 150. . nere ¢ was. a lS.0ee 4. posi tiwe 
relationship between number of nonelongated tillers at the 
rourtih. sampling, date, and finstiharvest, yield (Chable 1.3))...,. It 
Lee DOs Sele ey & ob et,» hie, pope atone Of) ba Lersh presents in wie 
regrowth sward closely resembles the tiller population with 
which the bromegrass would initiate growth the next season. 
Lf. this, were. the, case, then a highs. density. of. nonelongated 
fillers might . give. the. sward superior early. season growth. 
Elongated taldlers could, also »contrabute,. fo,, the,  penennasal 
habit.» of... thes bromerprass.., owards. with sa high density of 


headed tillers after the fis. c harvest would have fewer 
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Ciivers (Surviving until the next season but.might have a 
higher seed yield. Lnivs would explain the positive 
relationship between elongated tiller number at the fourth 
Samplins dave and first ~"wWarvest. “yield: and the negative 
relationship at this time between headed tiller number and 


Wield or. the tirmst harvest "Crables 13 cand “T) . 


The elongated tillers contribute more to the second 
harvest “yLleld = than “thes first. at the fourth sampling date 
thes number of elongated tillers and their individual tiller 
Webent Was -pOSitively “related to <yield of the regrowth 
harvest (Table 11). This is probably the diréet effect of 
Hore sand “larger tillers scontributing Go ovield. Number of 
elongated tillers at the second and third sampling dates was 
POSLtIVelY related to second harvest yield (Gia bled 5) = but 
individual elongated tiller weight at the second sampling 
date was negatively related to yield of the regrowth harvest 
(Table 16). Taylor and Templeton, 1966 have emphasized the 
importance to recovery from defoliation of vegetative 
tiebers wiieh provide a rapidly (expanding. «phetosynthetic 
Area) arter the first harvest. [his study also suggests, that 
elongated tillers supply carbohydrate reserves to the 
defoliated sward. if the elongated tillers use too much of 
eneir photosynthetic assimilates for growth before the first 
harvest, carbohydrate storage is reduced and the second 
harvest yield suriers: This T8""“consistent "with “the 
observation from the general trends in Liiler 


characteristics that elongated tillers of some genotypes 
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Brow ‘best ‘before, and-others’ after the Pirst’ Narvest. 


Headed tillers were: positively related at the second 
Sempling “date “Lo the first harvest yield, and at the fourth 
sampling date to the second harvest Vv dean through 
PioaaVvIdtats til venm werpnt and-momber, (Tables 11,15).:and- 16). 
Investigators have associated maximum crop growth rate with 
inflorescence emergence, (Langer, 1959 and Anslow, 1965) 
which explains why headed tillers make the dominant 
COnNcribution to yield. Weight of headed tiller stems at the 
thoerd sampling date was negatively related to first harvest 
yield (Table 14). Possibly when tiller stems were heavy 
tiller number was reduced. Number of headed tillers at the 
second and third sampling dates was positively related to 
yleld Moereethe-Yregrowth® harvest (Tables 17,15° -and*"*16)" 
Reproductive taitiers have been**snown*=cto* store” more 
Honeteuctcrual ~earbohydrate™ for ~resgrowth’ than’ “vegetative 
puriers® “€Taylor®*hand°stéempletony 1966)°so®possibly=greater 
d@ensitrtes of headed’ °tiiters* “prior’ to ‘the PIrose = Mame co 
improve carbohydrate reserves. The weight of headed tiller 
stems at the second sampling date was negatively related CO 
regrowth harvest yield (Table 16). A large increase in 
Weight -or*stems early in’ “the”~ season “may mean” that “Tess 


Carbohydrate “is”’stored~in the” roots for regrowth: 


Increasing stem length of both elongated and headed 
Gilblers contributes throughout the season to the 


accumulation *"of “dry “matter” (Table'*11). First “and second 
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harvest yields were positively related to length of headed 
titer istems ate *thle second and third sampling “dates ‘(Tables 
torpikeevand 616). Meneth offs*ellongated / (tiller » stems “att *tie 
fourgn issampling “tdate .swasil positively ©'rekated | 4to'' second 
harvest yield (Table 16). Increasing stem length maintains 
dry matteriiin a tharvestable conditiom because) it. raises ‘the 
plant material jabove, thei height of *cuttineg. Anslow, 1967 
stressed the importance of erectness ii wwe lac on “sto 
DrOGUCtiV Livy Of & fay mward. Also othe sigreatier: stem) Vength 
improvies «leaf-« distribution so light penetrates. deeper into 


the sward, minimizing leaf loss through senescence. 


307 ThesAcecumulationr of Photosynthates* in’ thesSward 


Phe wvability of nonelongated tillers to “establish =a 
large photosynthetic area early in the season makes them 
mporrant to yield. Bloneaved “tilvers Can. grow sn ;tie 
regrowth sward and contribute to second harvest yield. The 
haen- crop growth rate characteristic of headed tillers makes 
sedi rect. COnNtribution to yiedd of poth harvests. The stems 
of both elongated and headed tillers are important to yield. 
At the whole ti trer level these specific. tilier 
Cnaracteristics control the contribution which tillers make, 


Earougcn Andividual tiller welent and number, ta yueld: 


Sinces#di fifieréentistypes of (bal herwcontribute "at different 
times’ ofetneayear eto othe accumulation tof, \y rela; the ideal 


grass sward should enhance the production at different times 
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Giweenose specie stiller {types iwhieh veontributs tmost: to 
yielva. At the @sward level. (of. production. the ‘competetion 
between the three, —ty pest Lor sitillers - AS Tan “Aanportant 
determinant of the WenzgoDt, candy —numbem yor  talbersa,: For 
nonelongated and elongated tillers an increase in the weight 
obey individual Lillers ‘of one type was associated with a 
geerease- an the number of tilbers wf the’ ‘other type 
throughout the Sé46ason CTables 3:,4,5, and 9). At the second 
seupbhine date this relationship was expressed through the 
weight of leaves per elongated tiller which was negatively 
related to number of nonelongated tillers (Tables 3 and 8) 
ime, bromegrass utilizes photosynthates in inereasing weight 
of elongated tiller leaves rather than increasing the number 
ome none longated tillers. Lt nwas been reported that 
paorosynthate Us transported from mature Teaves first for 
the expansion of other Leaves, andi secondarily [or the 
development of axil buds (Milthorpe and Ivins, 1966). This 
Sugcests competetion for carbohydrates which also occurs at 
the third sampling date, when. the - sizeof? Jeaves of 
nonelongated tillers was negatively related to number of 
elongated tillers Ciabitee® 99... - Biylittthe taéiter ofasthes thing 
sampling date stems had developed so their increasing «size 
was negatively associated with the ‘size of nonelongated 
titters (Table YW). At thei fourth sampling date number » and 
weight of nonelongated tillers were negatively related to 
teat and’ stem tsitzge ofitelongated (il leris; .( Tabires » Ayo ands 8). 


Both these relationships are examples of competetion between 
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bypesan Of, tidklers: »fory,dights, then. larger @type. of tiller 


reducange the growth ofthe: smaller taller, 


At the second and fourth sampling dates the 
nonelongated tillers resembled the elongated tillers in that 
both types of tillers increased in weight and number as the 
two ty pes.ot, atillers «followed, ga. Jisamijar.» crowth., pattern 
(Tables, 3,58, ,6<andst9)...l.nhere wares many other, statistically 
Sagnarficant but low positive. correlations between... tiller 
Characteristics of,.nonelongated:,and elongated... tillers.. 
Maishrasands Drolsonje0.9/2sd ound, that. size of.tadler parts was 
correlated with, whole) biller size, Ana, simidar manner... » They 
concluded that the correlations reflected a relationship to 
generat size,-~.in this study, the. positive relationship «found 
betweensn tiller; characteristics, ofa different. types of: tillers 
is probabiye) thet, resulta, Ofen fenerade anereases.) iny size 
scomrring dni tad lersyot ald types. Thisadis, ai1sop shown), at the 
third vsandsfourth, sampling dates-ewhen,. there. were.« positive 
associations between elongated and headed tiller 


Fharacteristics, (Tables, 4,6, and 40)... 


Nonelongated and headed tidders were associated 
competetively throughout the season, with the larger headed 
tiilers shading, the nonelongated. wciliers....Williams, 1970 
reported reduced nonelongated tiller number in swards with 
fertilen.tiddiers, due, Lo. shade. suppress20ny of apicaldy buds, In 
this:s Sstudy,.at the secondssampling, date, ancreasing numbers 


of either nonelongated or headed tillers was associated with 
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decreasing Size’ oft tillers of the’ other type’ (Tables=§ 3°" and 
Op UPAte ether. fourth*sampling®date the tiller ®numbers* of the 
two types of tillers were negatively associated and number 
of nonelongated tillers was negatively related to individual 


headed tiller weight (Table 4). 


Elongated and headed tillers were negatively related at 
the second and third sampling dates since increasing number 
of tillers of one type was associated with decreasing 
fiGuvLaval  ttlber:  wetenta of. “tiidkers. of ~ the» vother. type 
Gables 346, ‘and 9). “At “the “second “sampling “date. “the 
number of headed tillers was negatively related to leaf and 
stem characteristics of elongated tillers (Tables 3 and 10) 
probably because the bromegrass can either invest 
pHOCLOSyHtUhate intincreasing the sizevor elongated tallers?or 
UsSerav to .devetiop infloreseencesseiAt them thard sampling date 
elongated tiller’ number was negatively related to nearly all 
characteristics oftheadedatillersibecausesthev headed’ tillers 
wereglarzgerethansthe.eclongated tillersvatethis times; rand *so 


dominated in the competetion for light (Table 4). 


Generally tiller “characteristics which © improved the 
competetive ability of a tiller were positively related to 
yield. For example, the stem length of elongated and headed 
tillera®was*sositively*re¢ated tornumber of ~tillers* “within 
their respective categories CTabheswe Ss , 4 29-; and 10) and 
L6ne2th or@®*stems* was “positively »relatead™= toy yield (Tables 


11,13,14, and 16). However, some competetive relationships 
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between types of tillers are detrimental to the accumulation 
Of dry matter. At the fourth sampling date the “number ‘and 
individual tiller weight of headed tillers were positively 
related to yield Of tne, second harvest (Laples Ft, TG. ad 
16). However these characteristics of headed tillers were 
negatively related with the number of nonelongated tillers 
at the fourth sampling date (Table 4) and greater number of 
monelongated  tilNérs “at this time” was associated with 
greater yield of the Peano harvest. The Cider 
SWaArPaACUler ast 1 CS WN Len (con ema puLved) (tO. siirse harvest yield 


detracted at the same time from the second harvest yield. 


Sward characteristics aeecounted for much ™ of the 
Variation in yield of both ‘harvests (Tables AS eran we ioer. 
Early season vigor even influenced yield of the second 
Mervest. (TadBle™ 15). This: agrees with (Walton s (1976) 
Gordes CiAt ditrferences: an winter, survival, are “very 
important even in bromegrass which is usually regarded as 
beine winter ” hardy.  Heighv [av the time of the respective 
barvvecpe was also  Sstrongely positively , related (to “yield 
(Taples 13 ana 15). The spread of individual plants in the 
Sward was Only predictive of first harvest “yreld early in 


fhe season (Table 13). 


the results. of this study supgest that-a bromegrass cut 
at two barvests should have, for maximum yield of the first 
harvest, a vigorous sward early in the season with a dense 


population of nonelongated tillers having a high leaf area. 
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invercat Ver thespopulation 2 of monelongatede tillers: stshould 
diminish. Two to three weeks later elongated tillers should 
be developed with long stems and high stem area, Dies not 
with so great a weight of leaves that competetion becomes 
mbemse.t ANsonmpatl “this itimen there should be a" dense 
population or large headed tillers. At the time -of the ‘first 
harvest the elongated and headed tillers should have long 
stems, DUD the stems and heads “of fervile tillers should “not 


be unduly heavy. 


For maximum yield of the second harvest the bromegrass 
Should have a dense population of nonelongated tillers with 
Hestreh Gelearisanea tearmhkyrrinest he iseasons Vingorous growth cat 
this time is essential. Two weeks later a large number of 
head edatilil ers swith tmakeitancimportanth comtribution sto lyie ld. 
Stems of elongated and headed tillers should be long and 
haverias barge: *photosynthetici-areay but ithessstem wehght. of 
headed “tilbers cshould nots “be increased at the expense of 
stored “‘photosynthate. cAlsosethe«weight of --eliongated tillers 
should not be inereased to the detriment of carbohydrate 
storage tior regrowth Hit sthertime rof athe siimst hanvestsethere 
should abe ta sdensespopuldatiion kof stheaded pytillers with. long 
stems ‘and a high stem area. Leaf weight of headed tillers 
should not be increased to the point that leaves become 
competetive. Three weeks) safterr’ the. firste Narveste the 
negrowun swardushould have Sumany arand »ubaree,selongated «tand 
headed tillers. The headed tillers should dominate the sward 


and leaf weight of elongated tillers should not increase so 
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much as to become competetive. A large number of vegetative 
(neweT San andy fags Sian lienmumber, of fertile tillers. ini the 
regrowth sward would improve yield of the first- harvest in 
the following season. The ideal bromegrass would produce a 


Gaon. Ssward throughout the season. 


This ideotype stresses that stems are important in the 
accumulation and maintenance of photosynthate because 
inereasing Length of stems improves: canopy structure and 
enectness) of the sward. The ‘contribution (of leaves is 
variable because leaf senescence is a problem. Stems however 
do not senesce as rapidly as leaves since there was little 
Ladiwer., “death ini the bromegrass sward. Anslow,; 1967. tried, ¢o 
cut forage grasses frequently enough to catch leaves’ before 
they became senescent, but acheived no increase in yield. It 
must be accepted that stem development is essential for 
maximum bromegrass yield. Between inflorescence emergence 
and anthesis crop growth rates are maximal (Anslow, 1965). 
Also, after the flag leaf emerges Leaf Toss declines (Ryle, 
1964, Hunt and Brougham, 1966). Early anthesis would be the 
optimal time for cutting a bromegrass, Since the desired 
development of stems would take place without increasing the 
loss of leaves. Delaying the first harvest until late 
anthesis may reduce the vigor of regrowth though no_- such 
effect was observed in this experiment. There is evidence 
thate ethers lbongerpiampical s(budsie are). suppressed by stem 
elongation, the slower they) ance tO éciovitiatieses mrowth 


(Milthorpe and Ivins, 1966) so the sward could be harvested 
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The second harvest should also occur when stems are 
well elongated and inflorescence development is advanced. 
Sinee early season vigor is so important the sward should 
have sufficient residual leaf area after the second harvest 


to enter the winter with a good supply of, photosynthate. 


All of the characteristics described in the ideotype 
should be considered when evaluating a bromegrasses’ 
VlctLoang POLential., but 10 ae necessary (Co. —Bbimit criteria 
tor inelusion an a> Specific , selection aindex . These 
characteristics should be easy to measure and highly 
heritable. If only those characters with good narrow sense 
heritability are considered a seleetion aindex for first 
harvest eeyreldcsnwoulds inelLudeyeat itheecsecond sampling date, 
individual headed tiller weight and leaf weight per headed 
tibrer < Also atontheneiourthtisampling tdateinmoene hongated 
tilkhersenumber scouldsbetinchudedrin the index swith*°a positive 
eoefficient. A plant breeder could select against high leaf 
anG@eistemeawelight ofigeicadedse  (tiklens atveathe third«sanpling 


date. 


If characters with good broad sense heritability are 
used in a selection index for first harvest yield the 
eharacters with positive coefficients would inelude, height 
of the isward throughout the tseason;, early season vigor, leaf 


arnéa drofvanonelongated: vtillers’ «at the first sampling date; 
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Zzunber Of elongated tillers at the ‘second. “sampling date, 
teneen (Of “neaded tiller stems at the third sampling date, 
and number of nonelongated tillers at the fourth sampling 
date. Characters “which, could be used to,¢liminate. parents 
Sree individual elongated tidler » weight. at the second 
~ampling date and individual nonelongated tiller weight and 


leaf weight per headed tiller at the third sampling date. 


Of the .characters influencing. second harvest, , yield 
Marrow. (sense neripapility, Vis. highs enough s.to.select for 
height of the sward, stem area per headed tiller at the 
third sampling date, and nonelongated tiller number at the 
fourth ‘sampling date. selection should eliminate those 
bromegrass parents with high individual elongated tiller 


weight at the second sampling date. 


A selection index employing characters with high broad 
sense heritability would include height of the sward, vigor, 
leaf area per nonelongated tiller at the first sampling 
date, number of elongated tillers at the second sampling 
date, stem. length. and area of headed tillers at the third 
sampling date, and nonelongated tiller number at the fourth 
sampling date. These characters were positively related to 
yield, but individual elongated tiller weight at.the second 
sampling date could be included in the index with a negative 


coefficient. 


In both the present study and Walton’s study in 1976, 


tiller characters observed before the time of the First 
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Varvest, taccounted. “for ‘more iof ‘thelivariation Wuisyield wf :the 
second rather ‘than’ the first ‘harvest’ yield tGlablesiei13), 14, 
5s; an dt 5 >t6')%; tits inp lies efthat. isitiored (cjanmohydrnate aware 
important determinants of yield, and should be considered in 


yield predictions. 


The southern type bromegrasses and disease resistant 
clones yielded least. Walton, 1974 suggested that inbreeding 
depression could have reduced the vigor of the disease 
résistant plants. He stressed the importance of .maintaining 
REGLeErozZye<osity in “the. bromegrass population. The southern 
type clones could have responded poorly to ‘the Edmonton 
environment. The: cross of the disease susceptible synthetic 
wien iene selection from; Lincoln was slightly infeeted with 


foliar diseases early in the season. 


Pe general’ conbiving peabli lirey.overipectsatoen UAlZewere 
Cousrsvently Dowefor tallbrtcharactéeristics, though ton] ys tthe 
total yeld"GCAréfitect. of Bl2tcwasereally low .GTablenth). «The 
GCA effects for UA10, the disease susceptible synthetic were 
Bigh for, total yield};esecond barvestdytelad ynheient at the 
Second harvest; ‘and vigor. aMorphologicallysUAlO Was uniforn, 
Zrowing with an erect, nonspreading habit and ‘medium width 
dark “green°“leaves.#"%UA10 was the*tallest clone, the first to 
reach heading, and it showed good early season vigor. EL 
meets the requirements for yielding ability suggested by the 
crop ideotype. B40, a resistant clone, yielded least at the 


Pirst harvest, Swhiles “UAT2., the random. «selection from 
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incoln, gave the. lowest yield, of second. and, total harvests. 
PlanteniotseBblO haduthe,dlowestwtilleredensity. throughout the 
season, with a spreading, prostrate habit. Leaves were pale 
blue-green and. @ large, sin amnea.wladividual tiller weight.of 
B4YO nonelongated, elongated, and headed tillers was higher 
Loan teheat. Of any other, clones throughout most, of the season. 
Ui showed Variation, ~yinosleafia morphology throughout » the 
experiment, but the growth “habit was “always  ereet, 
nonspreading, Wath. “shorts stems e-and the, Thagchest. tilter 
density Prariver ‘thie sfirste samplings date. Tt te cinteresting 
that the extremes of tiller weight and number gave the 
lowest yield. It was observed earlier that elongated tillers 
of B42 and UA10 grew least vigorously before defoliation, 
and recovered most vigorously, yet B42 and UA10 were widely 
diferent “in contribution to total yield. This emphasizes 
bnew fact that-other tiller types, besides elongated tillers, 
influence the accumulation of total yield, and that total 
yield isi the result of -~two harvests both of which are 
Controlled by different tiller characteristics, Walton, 
yA lan, Tan, and Walton, 1976; and Walton, 1976, also 
found UAIO relatively high yielding and UA12 less 
productive. The contribution of B42 was variable. UA10 
appears to be the most valuable parent although UA9 yields 
aimost. “aa well, “Unless = .there 28) no threat from foliar 
disease it wonld be better to use the selection from Cariton 
than the susceptible clone as a parent. The selection from 


the long established pasture, 43, yielded well at the first 
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harvest but contributed less to the second harvest, It could 
bewineltuded in aesynthetic designed for one harvest.of hay. 
Presse oO10on= from MagnawwoUudlds.eneurnes—a-—good.seasonal 
Te aces Of SyLeldie-oThe+rhesulLisin Of-——thissn.experiment 
Suggest Boat selections from Carlton and Magna be combined 
ima synthetic cross, possibly with the addition of 43° and 


the disease susceptible synthetic. 
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Table 1. Bromegrass clones used as parents in an 8x8 diallel, 1973. 


Clone 


UAY 


UA5 


UA6 


UA12 


B4O 


B42 


UA10 


43 


Description 


Random selection from Carlton 
Northern type bromegrass 
nonspreading, fine stems, lodged 


Random selection from Magna 

Intermediate northern - southern type bromegrass 
moderately spreading, some coarse stems 

broad, erect leaves 


Random selection from Redpatch 
Southern type bromegrass 
spreading, tall stems 

many narrow leaves 


Random selection from Lincoln 
Southern type bromegrass 
spreading, coarse stems 

broad leaves 


Selection showing resistance to Selenophoma bromigena 
and Pyrenophora bromi 

very coarse stems 

very broad pale blue-green leaves 


Selection showing resistance to Selenophoma bromigena 
and Pyrenophora bromi 

coarse stems 

broad pale blue-green leaves 


Synthetic susceptible to foliar diseases 
nonspreading, tall stems 
early heading 


Selection from old pasture in Alberta 
moderately spreading 
high tiller density 
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Figure 1. Seasonal trends in total tiller number 
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Simple correlations between tiller characteristics, 


presenting the first sampling date above the diagonal, and the second sampling date 


below the diagonal. df=191 all correlations shown significant at 1%. 
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Table 4, Simple correlations between tiller characteristics, presenting the third sampling date above, and the fourth 


sampling date below the diagonal. 


df = 191, all correlations shown significant at 1% 
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Table 5. Tiller characters included in multiple regression equations 
for individual nonelongated tiller weight, n=192. 


Regression Standardized 
Characters Coefficient Regression 
Coefficient 
First Sampling Date 
Leaf area per nonelongated tiller 0.063*** 0.826 
Nonelongated tiller standard leaf weight 11.4278 #* 0.455 
Nonelongated tiller number -0.0003*** -0.099 
Intercept -0.058 
Re 0.820*#** 
Second Sampling Date 
Leaf area per nonelongated tiller 0.071*** 0.863 
Nonelongated tiller standard leaf weight 10 .595##* One 5 
Leaf number per nonelongated tiller -0 .020#** -0.249 
Elongated tiller number -0 .0005*#** -0.078 
Leaf number per headed tiller -0.0018** -0.058 
Intercept 0.002 
R< 0.939 ### 
Third Sampling Date 
Leaf area per nonelongated tiller 0: OF 7AAK 0.924 
Nonelongated tiller standard leaf weight 1.039%** 0.362 
Headed tiller standard leaf weight 3.333%k% 0.125 
Leaf number per headed tiller 0: 004 *= Q. tes 
Leaf number per nonelongated tiller -0.004** -0.169 
Leaf area per headed tiller -0.0007* -0.065 
Intercept -0.035 
Re 0.897% ** 
Fourth Sampling Date 
Leaf area per nonelongated tiller 0.038*## 0.834 
Nonelongated tiller standard leaf weight 6 .261#** 0.274 
Elongated tiller number -0 .0006*** -0.168 
Leaf number per nonelongated tiller 0.007** 0.099 
Intercept -0.023 
R™ 0.881### 


### significant at 0.1%, ** significant at 1%, * significant at 5%. 
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Table 6. Tiller characters included in multiple regression equations 
for individual elongated tiller weight, n=192. 


Regression Standardized 
Characters Coefficient Regression 
Coefficient 
Second Sampling Date 
Leaf area per elongated tiller 0.102*#* 0.852 
Elongated tiller standard leaf weight 52.309% ** Ogre 
Elongated tiller leaf to stem ratio -0.112%#* -0.182 
Stem area per elongated tiller 0.100*** De 113 
Elongated tiller stem length -0.001*** -0.064 
Intercept -0.159 
R° 0.QU7RE® 
Third Sampling Date 
Leaf area per elongated tilller 0.086*** 0.591 
Elongated tiller standard leaf weight 51.946 #** 0.447 
Headed tiller leaf to stem ratio 0.702%**% 0.308 
Elongated tiller leaf to stem ratio -0.110*** -0.225 
Headed tiller stem length 0.003*#% 0.165 
Headed tiller number -0.003** -0.094 
Intercept -0.586 
R“ 0.821%#* 
Fourth Sampling Date 
Leaf area per elongatted tiller 0.060*** 0.860 
Elongated tiller standard leaf weight 24 .656%** 08257 
Elongated tiller leaf to stem ratio -0.013*** -0.167 
Elongated tiller number -0.002*** -0.190 
Elongated tiller stem length 0.0005*#* OreT 
Intercept -0.052 
RC 0.900*#* 


#*#* significant at 0.1%, ** significant at 1%, * significant at 5%. 
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Table 7. Tiller characters included in multiple regression equations 
for individual headed tiller weight, n=192. 


Regression Standardized 
Characters Coefficient Regression 
Coefficient 
Second Sampling Date 
Leaf area per headed tiller 0.110*** Coe 
Headed tiller standard leaf weight 93.215%#% 0.658 
Headed tiller leaf to stem ratio -0. 328% #*% -0.244 
Leaf number per headed tiller -0.038*** -0.197 
Stem area per headed tiller 0.168 **# 0.185 
Headed tiller number -0.005*** -0.069 
Intercept -0.032 
Ro 0.967*#%* 
Third Sampling Date 
Stem area per headed tiller 0.208 #** 0.223 
Head area 0.470%%* 0.330 
Headed tiller standard leaf weight 169 .673*** 0.268 
Leaf area per headed tiller 0.101%** 0.361 
Headed tiller stem length 0.008*** 0.181 
Intercept -1.611 
R¢ 0.9208#* 
Fourth Sampling Date 
Leaf area per headed tiller 0.069*** 0.803 
Headed tiller standard leaf weight 19 659 ##* 0.335 
Head area 0.352% %% oRay tt 
Stem area per headed tiller -0.016*#* -0.134 
Intercept 0.0008 
R 0.o3se.* 


### significant at 0.1%, ** significant at 1%, * significant at 5%. 
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Table 8. Tiller characters included in multiple regression equations 


for nonelongated tiller number, n=192. 


Regression 

Characters Coefficient 
First Sampling Date 
Individual nonelongated tiller weight -133.007*** 
Leaf number per nonelongated tiller 11.243 %8% 
Nonelongated tiller standard leaf weight 1656.468##* 
Intercept 4.962 
Re 0.194 
Second Sampling Date 
Individual headed tiller weight -2 628 %%% 
Leaf number per nonelongated tiller 1.967*** 
Leaf weight per elongated tiller —13.4538#*% 
Elongated tiller number 0.078** 
Intercept Sas (Ee 
R“ 0.405*** 
Third Sampling Date 
Leaf number per nonelongated tiller 1.066*** 
Elongated tiller leaf to stem ratio 0.228% 
Leaf area per nonelongated tiller -2..560*** 
Nonelongated tiller average leaf area 5. O652%*% 
Intercept -0.061 
Re 0.5878#* 
Fourth Sampling Date 
Leaf weight per elongated tiller -61.931#%# 
Leaf number per elongated tiller 2.283% 
Leaf number per headed tiller -0.792* 
Leaf number per nonelongated tiller 3.868%* 
Elongated tiller number 0.180% 
Stem area per elongated tiller -4 289% 
Intercept 9.154 
Re 0. yokes 


Standardized 
Regression 
Coefficient 


-0.507 
0.305 
0.252 


-0.264 
0.390 
-0.288 
One lala 


0.840 
0.114 
-0.850 
Ole Tele 


-0 474 
0.209 
-0.153 
0.195 
0.176 
-0.223 


##* significant at 0.1%, ** significant at 1%, * significant at 5%. 
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Table 9. Tiller characters included in multiple regression equations 
for elongated tiller number, n=192. 


Characters 


Second Sampling Date 

Individual headed tiller weight 
Individual nonelongated tiller weight 
Elongated tiller stem length 
Elongated tiller standard leaf weight 
Intercept 

R< 


Third Sampling Date 

Leaf number per elongated tiller 
Head area 

Leaf area per nonelongated tiller 
Leaf number per headed tiller 
Intercept 


Fourth Sampling Date 

Elongated tiller stem length 
Individual nonelongated tiller weight 
Leaf weight per elongated tiller 
Leaf area per elongated tiller 
Nonelongated tiller number 

Intercept 

R2 


### significant at 0.1%, ** significant at 1%, 


Regression 
Coefficient 


-10.749### 
-39 .677%#* 
0.169**# 
-1352 .422%% 
303531 
0.372*#* 


Zaco==* 
-4 .gggxe# 
=320222% 

1.406* 
-4.292 

0.492*** 


0.210% ** 
-89 .317*** 
-68 .292%*# 

2.3968 R* 

0.141** 

8.693 

0.629 %** 


Standardized 
Regression 
Coefficient 


-0.498 
-0.299 

0.204 
-0.181 


0.482 
-0.296 
-0.171 

0.134 


O. Dee 
-0.367 
-0.533 

0.401 

0.143 


* significant at 5%. 
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Table 10. Tiller characters included in multiple regression equations 
for headed tiller number, n=192. 


ws) 


Characters 


Second Sampling Date 

Headed tiller stem length 

Leaf weight per elongated tiller 
Elongated tiller stem length 

Leaf weight per headed tiller 
Individual elongated tiller weight 
Flongated tiller standard leaf weight 
Intercept 

Re 


Third Sampling Date 

Headed tiller standard leaf weight 
Leaf weight per elongated tiller 
Elongated tiller standard leaf weight 
Intercept 

Re 


Fourth Sampling Date 

Headed tiller stem length 
Leaf area per headed tiller 
Stem weight per headed tiller 
Intercept 

Re 


Regression 
Coefficient 


0.376%*# 
-31.335** 
-0.1748** 
=10.670*2* 
WSegse" 
-407.181* 
S.2id 
0.684% 


-2608 .982*** 
-26 .660*#* 
691.476%* 

34.455 
0.186 


07053*** 
-0.184* 
-1.388* 
-0.063 

06g 5*%* 


Standardized 
Regression 
Coefficient 


0.019 
-0.501 
-0.340 
-0.411 

0.423 
-0.088 


-0.332 
-0 405 
One 51 


1.324 
-0.277 
-0.283 


##% significant at 0.1%, ** significant at 1%, * significant at 5%. 
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Table 13. Stepwise multiple regression analysis with first harvest yield 
used as the dependent variable, n=192. 


Regression Standardized 
Characters Coefficient Regression 
Coefficient 
First Sampling Date 
Vigor 0.120%*% 0.282 
Nonelongated tiller number 0.007*** 0.376 
Height at first harvest 0.007*** 0.234 
Spread 0.093* 0.200 
Leaf area per nonelongated tiller 0.060 0,139 
Intercept -0.244 
R@ 0.354% 
Second Sampling Date 
Vigor 0.150*** 0.352 
Headed tiller stem length 0 .003** 0.156 
Leaf number per nonelongated tiller -0 .074** -0.184 
Elongated tiller standard leaf weight -40 .536* -0.147 
Intercept 1.292 
Re 0.306## 
Third Sampling Date 
Vigor 0.136*#* Ose 
Individual nonelongated tiller weight -3.180*%* -0.211 
Height at first harvest 0.006% 0.192 
Leaf weight per headed tiller -0.427% -0.145 
Intercept 0.682 
#4 
Ro 0.320** 
Fourth Sampling Date 
Vigor 0.163%** 0.384 
Nonelongated tiller number 0.007#* 0.181 
Height at first harvest 0.007** On. 227 
Headed tiller number -0.045* -0.158 
Individual nonelongated tiller weight = [aow -0.130 
Intercept 0.295 
Re 0.320** 


##*® significant at 0.1%, ** significant at 1%, * significant at 5%. 
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Table 14. Stepwise multiple regression analysis with first harvest yield 
used as the dependent variable and sward characters deleted, 


n=192. 


Characters 


First Sampling Date 
Nonelongated tiller number 
Leaf area per elongated tiller 
Intercept 

Re 


Second Sampling Date 

Headed tiller stem length 

Leaf number per nonelongated tiller 
Elongated tiller standard leaf weight 
Intercept 

Re 


Third Sampling Date 

Individual nonelongated tiller weight 
Headed tiller stem length 

Stem weight per headed tiller 
Intercept 

R2 


Fourth Sampling Date 
Elongated tiller number 
Headed tiller number 
Intercept 

R< 


Regression 
Coefficient 


OnC0 Css = 
C065 *™ 
1.091 
0.087 


0.005 * ss 
-0 .095*#*# 
-52.761** 

1.906 

0.198* 


3.0 14%* 
0.012*#* 
-0..254%% 
0.672 
0.209* 


0.008#* 
-0.043* 

1.389 

0.049 


Standardized 
Regression 
Coefficient 


0020) 
-0.151 


#**% significant at 0.1%, ** significant at 1%, * significant at 5%. 
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Table 15. Stepwise multiple regression analysis with second harvest 
yield used as the dependent variable, n=192. 


Regression Standardized 
Characters Coefficient Regression 
Coefficient 
First Sampling Date 
Height at second harvest 0.016*** 0.655 
Nonelongated tiller number 0.005*** 0.306 
Vigor 0.041% 0.128 
Intercept -0.078 
Re 0.536### 
Second Sampling Date 
Height at second harvest 0.016*#* 0.669 
Elongated tiller number 0.007*** 0.255 
Headed tiller number 0.008*** 0. THs 
Intercept 0.044 
Re 0.515### 
Third Sampling Date 
Height at second harvest 0.014 #*% 0.602 
Headed tiller number 0.008##* O.5215 
Elongated tiller number 0.006** 0.153 
Vigor 0.046% 0.141 
Intercept -0.057 
Re 0.510#®* 
Fourth Sampling Date 
Height at second harvest 0.016#** 0.658 
Elongated tiller leaf to stem ratio -0 O46 *** -0.204 
Nonelongated tiller number 0.007*** 0.246 
Headed tiller number 0.037*** O.171 
Intercept OF2A23 
Re 0.554 eke 


##* significant at 0.1%; ** significant at 1%; * significant at 5%. 
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Table 16. Stepwise multiple regression analysis with second harvest 
yield used as the dependent variable and sward characters 
deleted, n=192. 


Regression Standardized 
Characters Coefficient Regression 
Coefficient 
First Sampling Date 
Nonelongated tiller number 0.003** 0.239 
Leaf area per nonelongated tiller 0.059% OL 176 
Intercept 0.847 
R© 0.065 
Second Sampling Date 
Stem area per elongated tiller 0.674 #*% 0.530 
Individual elongated tiller weight -0 438% -0.292 
Headed tiller stem length 0.005** 0.348 
Stem weight per headed tiller -0.307% -0.264 
Intercept 0.853 
Ia 0.186 
Third Sampling Date 
Headed tiller stem length 0.007** 0.351 
Number of headed tillers 0.006* 0.166 
Headed tiller standard leaf weight -44 031% -0.144 
Intercept 0.2503 
R 0.225% 
Fourth Sampling Date 
Elongated tiller stem length 0 .004#** 0.384 
Elongated tiller standard leaf weight 53 U5 3eRe -0.228 
Elongated tiller leaf to stem ratio -0.037*% -0.166 
Headed tiller number 0.030% 0.140 
Intercept nes 
Re 0.343% 


RES Sionifioant at 0.1%; ** slenificantiabl 1%: * significant at 5%. 
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Table 17. Mean Square values for general and specific combining ability 


and heritabilities for sward and tiller characters in 


bromegrass progenies, 


Characters 


Sward Characters 
Yield (gm/plot): 
Total 
Second harvest 
Height (cm): 
Mean 
First 
Second 
Spread 
Vier 


Tiller Characters 
First Sampling Date 
Nonelongated tillers: 
Tiller number 
Whole tiller wt. (gm) 
Leaf number 
Leaf area (gm) 


Second Sampling Date 
Nonelongated tillers: 
Tiller number 
Whole tiller wt. (gm) 
Leaf area (cm ) 
Stand. leaf wt.(mg/cm 
Average leaf area (cm 


Elongated tillers: 
Tiller number 

Whole tiller wt. (gm) 
Leaf area (cm ) 

Leaf weight (gm) 
Stand. leaf wt.(mg/cm 
Average leaf area (cm 
Stem length (cm) 

Stem area (cm ) 

Stem weight (gm) 

Leaf to stem ratio 


UES ter: 


Combining 
Ability 


0.239** 
Ors0On* * 


190 .68** 
166.85 * 
230 ix™ 


1es.05 
0.605% 


310.7 54% 


02005%* 
0.065 
1.004** 


Were 
0. C0S%* 
Ov7oe* 


) 0.940%* 
) 0.049% 


124 .09#* 


0 057 ** 
4 ,.965** 
0.018** 


)POe 160 ** 
)¥GaZ0 1% * 
i74 44 


O7054%* 
C7. 112% 
D,055m" 


General Specific 


0.054 
0.010 


NO Melis 
32 .g4** 
24, 398% 
18. 30** 
0.2504 


4H 432 
0.001%" 
UA io be 
OTL a= 


5.60%* 
0.001%* 
07229 ** 
0.254 
Os On] ** 


16.94 
0.007 ** 
0.412** 
0 -002** 
05032 
Cros ** 

S3e01" 
0.010* 
0.002* 
A 4 


0.042 
0.013 


15:469* 
20.54 
17.96 
12.89 
0.113 


51.46 
0.001 
05033 
0.086 


4.16 
0.0009 
0.095 
07231 
0.007 


16450 
0.003 
0.245 
0.0009 
0.026 
0.163** 

eevey 
0.004 
0.001 
0.016 


Reciprocal Broad 


Effects Sense 


Heritability 
Narrow 
Sense 
0.48 OLS T 
0.54 0.54 
ake fe) 0.56 
0.65 0.43 
O25 0.61 
0.41 0.39 
0.64 OFA 
0.54 0.49 
0.74 0237 
O55 0.02 
On re 0.47 
0.59 0.26 
0; 52 ORZze 
0.62 0.30 
0.42 0733 
0.64 0.26 
0.60 Ga | 
OTS 075.55 
0.79 0.67 
0878 0.61 
0.38 O25 
0561 0.67 
0.40 Gal] 
0.59 0.43 
0.64 0.44 
0.30 0.30 
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Table 17 Continued. 


Characters 


Headed tillers: 
Tiller number 
Whole tiller wt. (gm) 
Leaf number 
Leaf area (cm ) 
Leaf weight (gm) 
Average leaf area (cm 
Stem length (cm) 
Stem area (cm ) 
Stem weight (gm) 
Leaf to stem ratio 


Third sampling Date 
Nonelongated tillers: 
Tiller number 

Whole tiller wt. (gm) 


Elongated tillers: 
Tiller number 
Leaf number 


Stand. leaf wt.(mg/cm ) 


Stem length (cm) 
Leaf to stem ratio 


Headed tillers: 

Tiller number 

Whole tiller wt. (gm) 
Leaf number 

Leaf area (cm ) 

Leaf weight (gm) 
Stand. leaf wt.(mg/cm 
Average leaf area (cm 
Stem length (cm) 

Stem area (cm ) 

Stem weight (gm) 

Head area (cm ) 

Head weight (gm) 

Leaf to stem ratio 


Combining 
Ability 


General Specific 


1e) 


Or Ore OOM E4Ors) 


IO AS 
\O 


OO 5O (OO W4@ (9 SrorOrOor*oo 
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. 369 *# 
248 ** 
013 ** 
oo 
. 064 ** 
-460** 
. 36%% 

238% 
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.107* 
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Reciprocal 
Effects 


Lee) 
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Heritability 
Broad Narrow 
Sense Sense 

0.46 0.45 
0.56 O51 
0.46 0.29 
O55 0.44 
OD] 0.52 
0562 0251 
0.55 pe! 
O3D3 0.38 
0.58 0.46 
0.26 O99 
0.43 O16 
0.74 i ia Wf 
0.47 0.55 
0.45 0.39 
0.30 0.19 
0.56 0.14 
0.39 0.34 
0.50 05350 
0.80 0.63 
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Ul oz 0.70 
0.85 0.10 
DPSS Veen 
0.86 0.78 
0.61 O32 
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Table 17 Continued. 


Combining 
Ability 
General Specific 


Characters 


Fourth Sampling Date 
Nonelongated tillers: 


Tiller number 166.78** 13.94%* 
Leaf area (cm ) 0.267% — 0.094 
Stand. leaf wt.(mg/cem ) 0.260#* 0.045 
Average leaf area (cm ) 0.423** 0.111 
Elongated tillers: 

Tiller number 69.86%* 16.25% 
Whole tiller wt. (gm) 0.020** 0.001 
Leaf number 0.550** 0.129%* 
Leaf area (cm ) 4.216** 0.250 
Leaf weight (gm) 0.009*#* 0.0006 
Stand.ileat wt. (me/cm)-00131%* 0.017 
Average leaf area (cm ) 3.099** 0.248 
Stem length (cm) 846.68#* 73.04 
Stem area (cm ) 0.372** 0.029 
Stem weight (gm) 0.038#* 0.003 
Leaf to stem ratio O.847* 0.341%* 
Headed Tillers: 

Tiller number Tac0t* Os21 
Whole tiller wt. (gm) 0.017** 0.002 
Leaf number 1.988** 0.364 
Leaf area (cm ) 2.310** 0.416 
Leaf weight (gm) 0.006** 0.0008 
Average leaf area (cm ) 1.259** 0.223 
Stem length (cm) 802.48** 114.42 
Stem weight (gm) 0.039** 0.006 
Leaf to stem ratio 0.321** 0.091 


*%® significant at 1%, * significant at 5%. 


Reciprocal 
Effects 
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Heritability 
Broad Narrow 
sense sense 

O79 0.66 
Q222 Os22 
0.48 O.3i 
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0.55 0.36 
O15 Spee 
O52 D535 
0.74 Oe(e 
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O13 0.66 
0.61 Oo. 61 
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Table 19a. Specific combining ability effects (s. ) for sward characters 
of bromegrass clones, 1975. a 
Total yield shown above the diagonal, mean height 
shown below the diagonal. 


Clone B40 B42 UAY UA12 UA5 UA6 UA10 43 
B4O -0.29 -0.11 -0.06 O07, 0.02 Ones -0.03 Oni 
-5.17 
B42 Ons9 0.01 -0.31 0.04 -0.16 0.03 0.29 
-3.81 -0.48 
UAY -0.17 0.24 -0.13 O6.1.4 -0.05 Oi..05 
-0.58 158) = 1.48 
UA1l2 0.03 01.16 -0.11 0.19 -0.28 
6  =57..85 0.69 -3.39 
UA5 -0.09 -0.08 0.08 -0.01 
3.84 ae ed oe 6, 3.95 -4.40 
UA6 On22 -0.19 -0.02 
-0.14 elvy 4.18 1.38 -3.74 -5.15 
UA10 0.02 -0.05 
-0.55 0.68 -0.49 Toh -0.67 0.41 -3.38 
43 -0.14 


4.81 4.21 -2.16 -6.21 0.31 1.89 -3.80 0.94 


Total dry weight: 
STD.ER. of the difference between the effects of two parent 
Lites} =* 0°..2520 
STD.ER. of the difference between the effects of a parent line and a 
cross having that line as one parent = 0.2413 
STD.ER. of the difference between the effects of a parent line and a 
cross not having that line as a parent = 0.2182 
STD.ER. of the difference between effects of two crosses having 
one parent line in common = 0.1925 
STD.ER. of the difference between effects of two crosses having 
no parent lines in common = 0.1782 


Mean height: 
STD.ER. of the difference between the effects of two parent 
lines? =? 3¢-/602 
STD.ER. of the difference between the effects of a parent line and a 
cross having that line as one parent = 3.6193 
STD.ER. of the difference between the effects of a parent line and a 
cross not having that line as a parent = 3.2738 
STD.ER. of the difference between effects of two crosses having 
one parent line in common = 2.8872 
STD.ER. of the difference between effects of two crosses having 
no parent lines in common = 2.6730 
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Table 19b. Specific combining ability effects (s,) for sward characters 
of bromegrass clones, 1975. 
Height at first harvest shown above the diagonal, height 
at second harvest shown below the diagonal. 


Clone B40 B42 UAQ UA12 UA5 UA6 UA10 43 
B40 -4.17 -3.54 -2.58 435 3,08 ~=1.25 » -0738 5.00 
-6.19 
B42 -1.57 -0.40 -6.25 1.41 3.57 O25 6.72 
-4.07 0.64 
UA9 -1.32 2.86 -2.79 5. O00 C230 -1.14 
1.43 3.58 -1.54 
UA12 -5.77 4.98 0.44 (CP SY (8 oh 
-1.11 -5 49 -1.45 -1.03 
UA5 -1.92 -5.12 0.49 -0.14 
4.63 3.58 -0.79 Cao 
UA6 -5.00 1.29 1226 
0.93 -1.02 3.34 2639 -2.39 -5.26 
UA10 -3.58 -5.19 
-0.26 Te 10 -1.35 8.39 -1.85 -0.46 =a euld 
43 phage 


4.64 107 -3.20 -4.53 0.80 ey -2.38 0.47 


Height at first harvest: 
STD.ER. of the difference between the effects of two parent 
lines = 4.38856 
STD.ER. of the difference between the effects of a parent line and a 
cross having that line as one parent = 4.6776 
STD.ER. of the difference between effects of a parent line and a 
cross not having that line as a parent = 4.2311 
STD.ER. of the difference between effects of two crosses having 
one parent line in common = 3.7315 
STD.ER. of the difference between effects of two crosses having 
no parent lines in common = 3.4547 


Height at second harvest: 
STD.ER. of the difference between the effects of two parent 
Tines2= 4.5520 
STD.ER. of the difference between the effects of a parent line and a 
cross having that line as one parent = 4.3582 
STD.ER. of the difference between effects of a parent line and a 
cross not having that line as a parent = 3.9421 
STD.ER. of the difference between effects of two crosses having 
one parent line in common = 3.4766 
STD.ER. of the difference between effects of two crosses having 
no parent lines in common = 3.2187 
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Table 19c. Specific combining ability effects (sj) for sward characters 
of bromegrass clones, 1975. 
First harvest yield shown above the diagonal, 
second harvest yield shown below the diagonal. 


Clone B40 Bu2 UAQ UA12 UA5 UA6 UA10 43 

BYO pUmoon f-0502) (20.03. Goe0e 0.04 0203 0.02 0.08 
=O ace 

B42 0.02 0.029 > Ost 0.068 "=0..G8 0.02 0.13 
SLOT O17 

UAQ -0.06 0.20% -=0206 Ones F-Us01 -0.02 
=0i.03 O400N) 0 410 

UA12 -0.09 G08") =O 0 0.04. -0,06 
O.09 | =0416 0.04 Dale 

UA5 =0205 8 0.01 0208 —0.:07 
SO 2029) =<0004 0 a07 0.07 -0.03 

UA6 Oromia O2020 =O, 011 
0520) <0 215 Outil a0 al0 = 0007 Onl6 

UA10 0.08. = 0.04 
-0 03 Oue2 1-0 208 0.14 O07". | sO ib 601 

43 0.08 


First harvest yield: 
STD.ER. of the difference between the effects of two parent 
fines = 0.1285 
STD.ER. of the difference between the effects of a parent line and a 
cross having that line as one parent = 0.1231 
STD.ER. of the difference between effects of a parent line and a 
cross not having that line as a parent = 0.1113 
STD.ER. of the difference between effects of two crosses having 
one parent line in common = 0.0982 
STD.ER. of the difference between effects of two crosses having 
no parent lines in common = 0.0909 


Second harvest yield: 
STD.ER. of the difference between the effects of two parent 
lines = 0.1940 
STD.ER. of the difference between the effects of a parent line and a 
cross having that line as one parent = 0.1858 
STD.ER. of the difference between effects of a parent line and a 
cross not having that line as a parent = 0.1680 
STD.ER. of the difference between effects of two crosses having 
one parent line in common = 0.1482 
STD.ER. of the difference between effects of two crosses having 
no parent lines in common = 0.1372 
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Table 19d. Specific combining ability effects (s,) for sward characters 


Clone B40 
B4O -0.35 
B42 -0.29 
UA9 -0.37 
UA12 0.33 
UA5 0.29 
UA6 03.37 
YA10 -0.14 
43 0.16 
Vigor: 
SIDER. 
1anes = .0.. 3726 
STD.ER. 


STD.ER. 


of bromegrass clones, 1975. 


Vigor shown below the diagonal. 


B42 


UA 


-0 
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UAl2 


UA5 


Ob27 
-0.64 
-0.00 


0.14 


of the difference between the effects 


of the difference between the effects 
cross having that line as one parent = 0.3570 
of the difference between the effects 


UA6 UA10 43 
-0.56 
0.08 0.06 


0 e22 -0.29 0.02 


of two parent 
of a parent line and a 


of a parent line and a 


cross not having that line as a parent = 0.3229 
STD.ER. of the difference between effects of two crosses having 


one parent line in common 


0.2848 


STD.ER. of the difference between effects of two crosses having 
no parent in common 
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